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By Arvo A. Luoma 


SUMMARY 


The longitudinal stability and control characteristics of a 
l/ 30 -scale model of the Republic XF-105 airplane were investigated in 
the Langley 8-foot transonic tunnel. The effect of speed brakes located 
at the end of the fuselage was also investigated. The main part of the 
investigation was made with internal flow in the model, but some data 
were obtained with no internal flow. 

The longitudinal stability and control at transonic speeds appeared 
satisfactory. The transonic drag rise was small. The speed brakes had 
no adverse effects on longitudinal stability. 


INTRODUCTION 


Wind-tunnel investigations of the stability and control chaxacter- 
istics of the Republic XF-105 airplane have been made at low subsonic 
speeds (ref. l) and at supersonic speeds (refs. 2 and 5)- At the request 
of the U. S. Air Force, the stability and control characteristics of a 
l/ 50 -scale model of the Republic XF-105 airplane at high subsonic and 
transonic Nfeich numbers were investigated at the Langley Laboratory. 

The investigation at high subsonic l^ch numbers was made in the Langley 
high-speed 7 - by 10-foot tunnel and included tests of the longitudinal, 
lateral, and directional stability and control characteristics of the 
XF-105 airplane and of the characteristics of wing fences, wing tanks, 
and fuselage speed brakes j these results are reported in reference 4. 
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The investigation at transonic Mach numbers was made in the Langley 
8-foot transonic tunnel and included tests of the longitudinal stability 
and control characteristics of the XF-103 airplane, of speed brake char- 
acteristics, and of internal-flow characteristics. These results are 
reported herein. 


SYMBOIS 


The term "complete model" as used herein refers to the combination 
of fuselage, wing, vertical tail, and horizontal tall. The center-of- 
gravity location about which aerodynamic moments were computed was on 
the reference line of the fuselage and 56. 1 percent of the mean aero- 
dynamic chord of the wing back from the leading edge of the mean aero- 
dynamic chord. The symbols used in this paper are defined as follows; 


Ab 


Ad 

Ar 

As 

CD 


% 



CDi 


fuselage base area; total cross-sectional area of fuselage at 
end of fuselage 


duct exit area at end of fuselage 


fuselage rim area; area enclosed by inner and outer walls of 
fuselage at end of fuselage 

cross-sectional area of sting within fuselage 


external drag coefficient; value determined from gage drag 
coefficient and corrected for pressure and Internal drag 
coefficients for model with internal flow (Cd^ - 0])^ - Cj)^ 

and for base drag coefficient for model with no internal 
flow (CDg - Cd^) 


base drag coefficient; value determined from base pressure 


coefficient for model with no internal flow. 


-Pb 


% 

S 


COS a 


gage (overall) drag coefficient; value determined from strain- 
gage balance data and corrected for weight tares but uncor- 
rected for pressure and Internal drag coefficients with 
internal flow in model and for base drag coefficient Wth 
no internal flow in model. Gage drag/q^S 


internal drag coefficient. 


~~(Vo - cos a) - Pfl ^ cos a 
qoS S 
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pressixre drag coefficient} value determined from pressure 
coefficient in balance chamber and at rim of fuselage with 

internal flow in model, ^ 




minimum external-drag coefficient 


ACj) rise in external-drag coefficient above minimum value 

Cl lift coefficient, Lift/q^S 

Clq^ lift coefficient corresponding to minimum external-drag 

®min coefficient 


ACl change in lift coefficient from value corresponding to minimum 

external-drag coefficient /Ct - Ct^ \ 

V 

(ZJsCl)!, (ACD)i, (ACin)i incremental coefficients due to internal flow} 

values determined from coefficients for config\ira- 
tion with internal flow minus corresponding coef- 
ficients for same configuration without internal 
flow (duct plug in inlet) 


ACd 

(ACl)^ 


drag-due- to- lift factor 


da 


derivative of lift coefficient with respect to angle of attack 


Cm pitching-moment coefficient. Pitching moment/qQSc' 

dCm 

derivative of pitching-moment coefficient with respect to lift 

coefficient 

c' mean aerodynamic chord of wing 

c -^ ' mean aerodynamic chord of horizontal tail 

i^ incidence of horizontal tall} value measiired by angle between 

plane of horizontal tail and reference line of fuselage 

Mq Mach number of undisturbed stream 
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mass flow in model duct 

base (end of fuselage) pressure coefficient when no internal 
flow in model, ~ -Q ' 

pressvire coefficient within strain- gage-balance chamber. 

Pc ~ Pq 
^o 


pressure coefficient of internal flow at model duct exit at 

end of fuselage, ^ 

% 

Pr " Po 

pressure coefficient at fuselage rim, — ; it is assumed 

^o 

herein that Pr = Pd 

static pressure at fuselage base with no internal flow in model 

static pressure within strain-gage-balance chaniber 

static pressure of internal flow at model duct exit at end of 
fuselage 

static pressure of \indisturbed stream 
static pressure at fuselage rim 


dynamic pressure of undisturbed stream. 


gPoVo^ 


Reynolds nuniber, 


PqVq^' 

Po 


area of wing, including portion within fuselage 

velocity of internal flow at model duct exit at end of fuselage 

velocity of undisturbed stream 

angle of attack of modelj value based on reference line of 
fuselage 

effective downwash angle in region of horizontal tailj value 
determined from tests of complete model and complete model 
less horizontal tail 
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Hq coefficient of viscosily in undisturbed stream 

Pq mass density of undisturbed stream 


APPARATUS AKD METHODS 
Tunnel 


The tests were made in the Langley 8-foot transonic tunnel. This 
tunnel operates at a stagnation pressure approximately equal to atmos- 
pheric pressure. The tunnel throat is of dodecagonal cross section with 
axial slots located at the vertices of the twelve wall panels. The 
slotted design permits model testing at speeds through sonic velocity 
(refs. 5 6). Information on the design of the slotted test section 

of the Langley 8-foot transonic tunnel is given in reference 7 an<i on 
the calibration of the flow in this tiannel in reference 6. 


Model and Balance 

Model .- The Republic XF-105 airplane has triangular wing and tail 
surfaces, has a rectangular, supersonic scoop inlet with sweptback side 
walls located on the bottom of the fuselage, and has a fuselage with 
rectangular cross sections in the region adjacent to the fuselage base. 

The model used in the present investigation was a sting-supported, 
l/50-scale model of the XE-103 alip>lane, and was the same model and 
sting used in the Langley high-speed J- by 10-foot tunnel tests of 
reference 4. The geometric characteristics of the model are shown in 
figure 1, and a photograph of the model as installed in the Langley 
high-speed "J- by 10-foot tunnel is shown as figure 2. The wing fences 
shown in the photograph were not included on the configurations tested 
in the Langley 8-foot transonic timnel. The sting support was of 
rectangular cross section. 

The model was provided with internal ducting leading from the scoop 
inlet, and the internal flow was "dumped” aroiind the sting within the 
fuselage at a location behind the strain-gage balance and approximately 
5 inches from the end of the fuselage. The inlet was closed for some 
of the tests with a faired plug as shown in figure 3* 

The model was constructed of steel, and the wing used in the tests 
in the Langley 8-foot transonic tunnel was of solid construction without 
any cut-outs for control surfaces. The solid wing and a wing equipped 
with ailerons and flaps were both investigated in the tests in the Langley 
high-speed 7“ ^7 10- foot tunnel. The dimensions of the 4-5° speed brakes 
and their location on the sides of the fuselage are shown in figure 4. 

The same speed brakes were tested in two axial locations. 

SECRET 
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Balance A six- component strain-gage balance housed vithin the 
fuselage was used for determining the forces and moments on the model. 
The balance was positioned in the fuselage so that the moment center 
of the balance was on the reference line of the fuselage and 56. 1 per- 
cent of the mean aerodynamic chord of the wing back from the leading 
edge of the mean aerodynamic chord. The moment center of the balance 
coincided with the center- of- gravity location shown in figure 1. 


Test Procedure 

Force and moment tests .- Aerodynamic forces and moments were 
determined from strain-gage readings. The fuselage alone and the com- 
plete model were Investigated at an angle of attack of 0° both with and 
without internal flow at Mach numbers from 0.^0 to I.I5. No attempt 
was made to regulate the internal mass flow except when the internal 
flow was completely sealed off with the duct plug shown in figure 3. 

The fuselage alone and the complete model with internal flow were also 
tested with a roughness strip on the fuselage at a model angle of attack 
of 0° at Mach numbers from 0.60 to I.I5. The roughness consisted of a 
1/8- inch-wide strip of no. 60 carborundum grains shellacked to the fuse- 
5 

lage Ij^ Inches back from the nose of the fuselage. 

Various configurations^ all with internal flow in the model, were 
tested through an angle- of- attack range at four (generally) transonic 
Mach numbers. The complete model at horizontal- tail incidences of 0° 
and -5°, the complete model less horizontal tall, and the complete model 
plus speed brakes were investigated. The configurations tested and the 
angles of attack, Mach numbers, and other pertinent test conditions at 
which force and moment data were taken are given in table I. The pitch 
tests were made with the model horizontal (when a = 0°) in the tiinnel, 
and the angle of attack of the model was varied by pivoting the sting 
in a vertical plane. The pivot axis of the sting was located approxi- 
mately 79 inches downstream of the model center-of-gravlty location 
given in figure 1. 

The no-load angle of attack of the model was obtained with a 
pendulum- type attitude transmitter, which was calibrated against inclina- 
tion ( in a vertical plane ) . The attitude transmitter was housed in the 
extension of the model sting and was located approximately 60 inches 
downstream of the model center- of- gravity location. Flexibility under 
aerodynamic load of the balance, model sting, and sting extension between 
the model and the attitude-transmitter location required a correction to' 
the attitude-transmiltter reading to obtain the model angle of attack. 

The angle of sideslip was 0° for all test conditions. 
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The average Reynolds niamber of the present investigation is shown 
plotted against Mach number in figure 5* 

Pressure tests .- Mass-flow measurements of the internal flow were 
made with a rake consisting of 26 total-head and four static tubes 
located l/l6 inch downstream from the end of the fuselage. The internal 
mass flow of the complete model (i-t = 0°) at an angle of attack of 0° at 
Mach numbers from 0.40 to 1.15 and throughout the angle-of-attack range 
at a Mach number of O .96 was determined. The internal mass flow of the 
complete model less horizontal tail throughout the angle-of-attack range 
at Mach numbers of O. 96 , O. 98 , 1.02, and 1.12 was also determined. 
Overall force and moment data were obtained during the mass-flow tests 
from strain- gage readings . 

The static pressure' within the strain-gage-balance chamber and at 
the base of the fuselage was measinred for all configurations. 


CORRECTIONS AND ACCURACY 
Pressure Correction to Drag 


No internal flow in model .- The drag coefficient Cp for the con- 
figurations with no internal flow in the model has been adjusted for 
the difference between the actual measured static pressiire at the base 
of the fuselage and that in the undisturbed stream, so that the drag 
coefficient Cp corresponds to a static pressure at the base of the 
fuselage equal to that of the undisturbed stream. 

Internal flow in model .- The pressure drag correction Cp^ applied 
to the gage drag coefficient Cp of the configurations ■with internal 

I! tl ^ 

flow in the model (see Symbols section) is an adjustment for the 
deviation from the free-stream value of the static pressure in the 
balance chamber and at the rim of the fuselage base. 

The external drag coefficient Cp of the configurations with 
internal flow in the model further Includes the internal drag correc- 
tion Cpj^ but does not Include the friction force between the internal 

flow and the sting within the fuselage (see description of internal 
ducting in "Apparatus and Methods' secion). Estimations showed that 
neglect of this friction term was small and would tend to make the drag 
coefficient Cp presented herein too low by approximately O.OOO 5 . 

No corrections are included herein for the effects of internal flow 
on lift and pitching-moment coefficients . 
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Tunnel-Boundairy Interference 

Subsonic Mach n\xmbers .- At subsonic Mach numbers, the interference 
effects of a tixnnel boundary on the flow over a model in the test region 
near the center line of the tunnel have been made negligible by means 
of a slotted test section (ref. 6). 

Supersonic Mach numbers .- Data are presented herein at supersonic 
Mach nxunbers of 1.02 and 1.13 (l.l2 for complete model less horizontal 
tail) for various configurations throiigh the angle- of -attack range, and 
at intermediate supersonic Mach numbers of 1.04 and 1.11 (l.lO for one 
configuration) for several configurations at an angle of attack of 0°. 

The intensity of the tunnel boundary-reflected conpression and 
expansion disturbances at a Mach number of 1.02 has been found to be 
weak, so that the boiuidary interference on the data presented herein 
at a Mach number of 1.02 was probably small . The boundary interference 
at a Mach number of 1.0l<- is believed to have been confined primarily to 
affecting the drag data. No data are presented herein between Mach 
numbers of 1.04 and 1.10, where the effects of boundary interference 
may have been large. 

Schlieren photographs taken during the present investigation showed 
that, at a Mach number of 1.11 and at a model angle of attack of 0°, the 
reflection of the fuselage nose shock cleared the model base by several 
inches; some of the base pressure data, however, indicated that the 
influence of the reflected shock may have extended upstream to the model 
base. 


The schlieren photographs also indicated that the reflection of 
the fuselage nose shock may have impinged on the vertical tail at angles 
of attack greater than approximately 11° at a Ifeich number of 1.15 and 
at angles of attack greater than approximately 8° at a Mach number of 
1.12. The force and moment data at these conditions showed no evident 
irregularities, however, and all these data are presented herein. 

No corrections have been made to the data presented herein for 
tiinnel-boundary interference except to the extent of the pantial correc- 
tion for tunnel-boundary interference inherent in the base-pressure 
collection, which was based on the actual measured value of base static 
pressure. 


Sting- Interference Corrections 

No sting- interference corrections have been made to the data pre- 
sented herein except to the extent of the partial correction for sting 
interference inherent in the base-pressure correction, which was based 
on the actual measured value of base static pressure. 
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Precision of Data 

The accuracy of the angle of attack was approximately ±0.1°. 
Inaccuracies in sting coupling connections inadvertently caused the 
angle of sideslip to he slightly different from an intended value of 0°. 

The estimated maximum error in measured lift coefficient, pitching- 
moment coefficient, and gage drag coefficient Cj)„ at angles of attack 

neeir 0° was ± 0 . 005 , ±0.004, and ± 0 . 0005 , respectively, at transonic 
speeds. The maximum error in corrected drag coefficient Cp of the 
configurations with internal flow in the model would he greater hy the 
extent of the possible errors in the pressure and internal-drag correc- 
tions terms, and was estimated to he approximately ±0.002 at angles of 
attack near 0°. 


RESULTS AM) DISCUSSION 
Presentation of Results 

Presslire results .- The internal drag coefficient \ wM 
determined only for the complete model at a horizontal^'incidence of 0° 
and for the con 5 )lete model less horizontal tail, is shown plotted against 
Mach number at an angle of attack of 0° in figure 6(a) and against angle 
of attack at various Mach numbers in figure 6(h). The inlet mass-flow 
ratio was approximately 1.0 for the configurations with internal flow 
in the model. 

The hase-pressure coefficient with no internal flow in the model 
is presented in figure 7 for the fuselage alone plus duct plug and for 
the complete model plus duct plug. 

Basic force and moment results .- The basic force and moment results 
for the various configurations are presented in figures 8 to I 7 , inclu- 
sive, and an index of these figures together with general information 
about the test conditions is given in table I. 

The drag data for the configurations with no internal flow in the 
model are presented herein in terms of the gage drag coefficient Cpg 

and the corrected drag coefficient Cp (see "Symbols" section). 

The drag data for the configurations with internal flow in the 
model are presented herein in terms of the drag coefficients Cpg and 

Cd^ - Cpp for all the configurations, and in terms of the drag coef- 

ficlent Cp for the complete model at horizontal- tall incidences of 0° 
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and -5°^ the complete model less horizontal tail, and the fuselage alone. 
The assuii 5 )tion vas made that the internal drag coefficient Cj)^ (fig- 6) 

also applied for the complete model at a horizontal- tail incidence of 
-5° and for the fuselage alone. 

Summary force and moment results .- Summary plots derived from the 
basic force and moment data are shown in figures l8 to 26 , inclusive. 
Comparispns are made in the summary plots between the results from the 
present investigation and those on the same model and sting from the 
investigation in the Langley high-speed 7“ 10- foot tunnel (ref, 4). 

The speed-brake configuration of reference h, for which results are 
shown herein, included wing fences and the mass-flow survey rake; the 
other configurations of reference 4 for which results are shown herein 
did not include the wing fences and the survey rake. 

The gage drag coefficient Cpg of the complete model with internal 

flow in the model presented in figure 2l(a) and identified as 7" 

10- foot tunnel data was obtained during check tests, in which the pres- 
sure drag correction Cpp was measured, in the investigation of refer- 
ence The corrected drag coefficient Cd of the complete model 
shown in figure 21(a) and identified as 7- 10- foot tunnel data was 

determined from the Cpg and C]>p data obtained in the check tests 

of reference 4 and the Cp^ data obtained in the present investigation. 
The corrected drag coefficient Cp of the fuselage alone, shown in 
figure 21(a) and identified as 7" ^y 10-foot tunnel data, includes the 
corrections Cpj, and Cp^ of the present investigation. 

The corrected drag coefficient Cp of the complete model with no 
internal flow in the model, presented in figure 2l(b) and Identified as 
7- by 10-foot tunnel data, was obtained during the check tests of refer- 
ence 4. The corrected drag coefficient Cp of the fuselage alone with 
no internal flow in the model, shown in figure 2l(b) and identified as 
7- by 10-foot tunnel data, includes the base pressiire correction Cp^^ 
of the present investigation. 

The Reynolds nvimber of the investigation of reference 4 was 
essentially the same as that of the present investigation. 


Lift Characteristics 

The variation of lift-curve slope with Mach number at lift coeffi- 
cients of 0 and 0.4 are shown in figure l8 for the various configura- 
tions. Where the curves of lift against angle of attack were nonlinear, 
the slopes shown are the average values for lift coefficients from 0.1 
below to 0.1 above the specified lift coefficient. 


SECRET 



NACA RM SL5it-H2i|- 


SECRET 


11 


The maximum value of lift-curve slope at a lift coefficient of zero 
occurred at a Mach number of approximately O.98 for the complete model 
and for the complete model less horizontal tail (fig. 18 (a)). Addition 
of speed brakes to the complete model reduced the lift-curve slope at 
transonic speeds by approximately 5 percent. 

The agreement of the data on lift-curve slope from the two Langley 
tunnels generally was not wholly satisfactory. The variation of lift 
coefficient with angle of attack obtained from the 7- by 10-foot high- 
speed tunnel tests usually deviated more from a linear relationship 
than did the corresponding data from the transonic tunnel tests, with 
the lift-curve slope at lift coefficients near zero being lower for 
the 7- by 10- foot high-speed tunnel results (fig. I8). The explanation 
for the differences in lift characteristics is not evident. Part of 
the differences possibly may be ascribed to the inaccuracies Inherent 
in fairing and determining slopes where the variation of the parameters 
is nonlinear, to possible differences in the turbulence level of the 
two tunnels, and, at the highest subsonic Mach numbers, possibly to 
the effects of Incipient choking at lifting conditions in the 7“ T^y 
10-foot high-speed tunnel. 


Pitching-Moment Characteristics 

The variation with Mach number of the longitudinal-stability deriva- 
tive dCm/dCL for the various configurations is presented in figure 19 
at lift coefficients of 0 and 0.4. The slopes shown are average values 
for lift coefficients from 0.1 below to 0.1 above the specified lift 
coefficient. 

The pitching-moment-slope data from the two Langley tunnels gen- 
erally showed good agreement for the various configurations (fig. 19). 

For the complete model, there was a rearward movement of the aerodynamic 
center at transonic speeds amounting to approximately l4 percent of the 
mean aerodynamic chord of the wing. The speed brakes generally reduced 
the extent of the rearward movement of the aerodynamic center at transonic 
speeds, and generally reduced the stability somewhat at supersonic speeds. 

No serious pitch-up tendencies were evident for the complete model 
at the horizontal-tail incidences investigated, although a localized 
unstable break in pitching moment occurred at the lower transonic Mach 
numbers at high lift coefficients (figs. 15(c) and 14 (c)). For the 
complete model less horizontal tall, the unstable break in pitching 
moment increased in magnitude and extended over a greater lift-coefficient 
range (fig. 15(c)). 

The speed brakes in location 1 increased the trim lift coefficient 
by approximately 0.10 to O.15, depending on Mach number (figs. 15(c) and 
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16(c)), and by twice those values with the brakes in location 2 
(figs. 15(c) and 17(c)). The brakes did not appear to aggravate the 
vinstable break in pitching moment except to the extent that the unstable 
break occurred at lower lift coefficients. 


Horizontal-Tail Effectiveness 

The horizontal- tail effectiveness ACm/AL-t for the con5)lete model 
at lift coefficients of 0 and 0.i<- is shown in figure 20 plotted against 
Mach number. The effectiveness derivative shown is the average slope 
between horizontal- tail Incidences of 0 ° and - 5 °» 

An increase in horizontal- tail effectiveness occurred at high sub- 
sonic Mach numbers. This increase was approximately 20 percent at a 
lift coefficient of zero and approximately 14-0 percent at a lift coeffi- 
cient of 0 .i 4 . The data from the Langley tunnels appeared to be in 
satisfactory agreement. 


Drag Characteristics 

The internal drag coefficient of the complete model at an 

angle of attack of 0 ° was essentially constant throughout the Mach num- 
ber range (fig. 6(a)). Removal of the horizontal tail from the model 
had no effect on the internal drag coefficient within the accuracy of 
the measurements (fig. 6). The internal drag coefficient increased to 
a small extent with increases in angle of attack (fig. 6(b)). 

The gage drag coefficient Cp for the complete model with no 

s 

internal flov appeared to have been noticeably affected by tunnel- 
boundary interference at a Mach nuniber of 1»11 (fig. 12 ). The base- 
drag correction Cj), applied to the gage drag coefficient Cj) y however^ 

D g 

corrected for much of the boimdary interference (see Cp plot in 
fig. 12), since the measured base pressure coefficient Pb (fig. 7) 
also included the effects of boundary interference. The bovmdary- 
interference effects shown by the complete model with no internal flow 
were also shown but to a lesser extent by the fuselage alone with no 
internal flow ( fig . 9 ) • 

Drag data at an angle of attack of 0 ° are shown in figure 21 for 
various configurations both with and without internal flow in the model. 
The drag data from the Langley tunnels showed satisfactory agreement 
for the fuselage alone with internal flow (fig. 21 (a)). The agreement 
was generally poorer for the complete model with internal flow. Most 
of the differences in drag results for the complete model, however. 
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were probably within the accuracy of the measurements. The transonic 
drag rise of the model was 0.009 (fig* 2 l(a}). This small drag rise 
resulted from the high equivalent fineness ratio of the con^jlete model, 
which was approximately 11, and the good approximation of the cross- 
sectional area distribution of the model to the optimum area distribu- 
tion. With no Internal flow in the model, the drag determinations made 
in the Langley tunnels showed good agreement (fig. 21 (b)). 

The speed brakes in both locations Increased the drag coeffi- 
cient Cp by approximately 0.07 at a lift coefficient of zero at 
g 

transonic speeds (figs. 15(b), l6(b), and 17(b)), and the increase' was 
greater at lifting conditions. 

The roughness strip on the fuselage increased by a small amount 
the drag of the fuselage alone (fig. 8) and of the complete model 
(fig. 11). 


Drag-Due- to-Lift Factor 


The drag-due- to- lift factor ACp/(ACl)^ sho'wn in figure 22 is an 
average value applicable up to a lift coefficient of approximately 
Also sho'wn in figure 22 is the theoretical variation with Mach number 


^ 57 - 3 ^- 


of the drag-rise factor for zero leading-edge suction 1/57.3 ' — » where 

the derivative dCp/da was taken as the faired value of the experi- 
mental data on lift-curve slope sho'wn in figure l8(a) for the complete 
model at a horizontal incidence of 0^. 


The drag-due- to- lift factors obtained in the transonic tunnel 
tests were approximately I5 percent lower than those obtained in the 
high-speed tunnel tests. These differences were associated -with the 
differences shown by the lift-curve slopes obtained in the two tunnels 
(fig. 18(a)). 


Maximum Lift-Drag Ratio 

The maximum lift-drag ratio of the complete model at two values of 
horizontal- tall incidence and of the complete model less horizontal tall 
is shown in figure 23 plotted against Mach number. 

The values of maximum lift-drag ratio obtained in the Langley 
8 - foot-transonic-tunnel tests were higher than those obtained in the 
Langley high-speed 7- 10 -foot-t\innel tests as a result of the lower 
minimum drag coefficient and the lower drag-rise factor obtained in 
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the Langley 8- foot txinnel tests. The transonic tunnel results gave a 
maximum lift-drag ratio of 10. 5 for the complete model less horizontal 
tail at a Mach number of O. 96 . The results of an investigation on a 
wing-body combination with a con 5 )arable triangular wing of aspect ratio 5 
and thickness ratio 0.03 and with no internal flow in the model gave a 
maximum lift-drag ratio of 15.5 at a Mach n\imber of 0.92 (ref. 8). This 
latter configuration, however, was not a real airplane configuration. 

The lift coefficient corresponding to ma x imum lift-drag ratio 
increased somewhat with Mach number at transonic speeds (fig. 2k). 


Effective Downwash 

The effective downwash derivative Ae/Aa for the contplete model 
is shown in figure 25 . The effective downwash angle € was obtained 
by using the horizontal-tall effectiveness ACio/Ai-t presented in fig- 
ure 20, and the slope Ae/Ax given in figure 25 is an average value 
for angles of attack from 0° to 4°. 

The slope Ae/Aa decreased by approximately 20 percent at super- 
sonic speeds. The agreement shown by the two tvmnels was quite 
satisfactory. 


Incremental Effect of Internal Flow 

The incremental effect of internal flow on the aerodynamic coeffi- 
cients at an angle of attack of 0°, as obtained from tests with and 
without the duct plug in the inlet, is shown in figure 26 for the fuse- 
lage alone and the complete model. 

The inclusion of Internal flow in the model by the removal of the 
duct plug from the fuselage alone and from the complete model resulted 
in a reduction in drag coefficient Cp by as much as 0.004 at transonic 
speeds, in a decrease in pitching-moment coefficient by essentially the 
same amount at all Mach numbers, and in only a generally small change 
in lift coefficient. The agreement shown by the- data from the two tun- 
nels was generally satisfactory. 


Interference Effect of Mass-Flow Rake 

The interference effect of the mass-flow rake on the flow over and 
in the model was generally small throughout the Mach number range at an 
angle of attack of 0°, as indicated by the lift, drag, and pitching- 
moment data of figure 10. The change in the interference effect on'' 
pitching-moment coefficient at Mach numbers of 1.04 and 1.10 may have 
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been associated with the tunnel-boundary interference effects present 
at these Mach numbers. 


CONCLUSIONS 


An investigation was made in the Langley 8-foot transonic tvinnel 
of the longitudinal stability and control characteristics of a l/50-scale 
model of the Republic XF-103 airplane. The effect of speed brakes 
located at the end of the fuselage was also Investigated. Most of the 
tests were made with internal flow in the model but some data were 
obtained with no internal flow. The Reynolds n\imber based on the mean 
aerodynamic chord of the wing was approximately 1.8 X 10^. The following 
conclusions are indicated: 

1. No serious longitudinal stability and control problems were 
evident at transonic speeds. 

2. The transonic drag rise was small. 

5. Speed brakes had no adverse effect on longitudinal stability. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., August 11, 195^* 


Arvo A. Luoma 

Aeronautical Research Scientist 


Approved: 




gene C. Draley 
Chief of Full-Scale Research Division 
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TABLE I,- CONFIGURATIONS, TEST CONDITIONS, AND INDEX OF BASIC FIGURES 


Configuration 

Model condition 

a, deg 

it. 

deg 

M 

Mass-flow rake 

Internal flow 
in model 

Figure 

Fuselage alone 

Both smooth and 
transition strip 
on fuselage 

0 

— 

0.60 to 1.15 

Off 

Yes 

8 

Fuselage alone 
plus duct plug 

Smooth 

0 

— 

0.40 to 1.14 

Off 

No 

9 

Complete model 

Smooth 

0 

0 

0.40 to 1.15 

Both off and on 

Yes 

10 

Complete model 

Both smooth and 
• transition strip 
on fuselage 

0 

0 

0.40 to 1.15 

Off 

Yes 

11 

Complete model 
plus duct plug 

Smooth 

0 

0 

0.40 to 1.15 

Off 

No 

12 

Complete model 

Smooth 

-2 to 15 
1 (approx.) 

0 

0.90, 0.96, 0.98, 

1.02, and 1.13 

On at Mq = 0.96 
and off at other 
Mo's 

Yes 

15 

Complete model 

Smooth 

-2 to 15 
(approx.) 

-5 

0.96, 0.98, 1.02, 

^ and 1.13 

Off 

Yes 

14 

Complete model 
less hori- 
zontal tail 

Smooth 

-2 to 15 
( approx . ) 

— 

0,96, 0.98, 1.02, 

and 1.12 

On 

Yes 

15 

Complete model 
plus speed 
brakes in 
location 1 

Smooth 

-1 to 16 
( approx . ) 

0 

0.90, 0.96, 1.02, 

and 1.13 

Off 

Yes 

16 

Con5>lete model 
plus speed 
brakes in 
location 2 

Smooth 

-2 to 15 
( approx . ) 

0 

0.90, 0.96, 1.02, 

and 1.13 

Off 

Yes 

17 
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Figure 2.~ Installation of l/jO-scale model of Republic XF-103 airplane 
in Langley high-speed J- by 10- foot tun;.ol. Conrplete model plus wing 
fences plus speed brakes in location 1. 
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' .5 .6 .7 .8 .9 1.0 U 1.2 

Mach number, M© 

Figure 5*- Variation of average Reynolds number (based on mean aero- 
dynamic chord of wing) with Mach number in tests of l/50-scale model 
of Republic XF-105 airplane in Langley 8- foot transonic txmnel. 




internal -drag coefficient 



Mach number ,Mq 


(a) Variation with Mach nimiber; a = 0°. 

Figure 6.- Variation of internal drag coefficient with Mach nvunher and 

angle of attack. 
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Internal - drag coefficient , 



Angle of attack ,a,deg 


(b) Variation with angle of attack. 
Figure 6.- Concluded. 
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O Fuselage alone plus duct plug 
□ Complete model plus duct plug •, 


Mach number, M. 


Figure 7 .- Variation of base-pressure coefficient with Mach number 
(X = 0°. No internal flow in model. Mass-flow rake off. 
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Figure 8.- Variation of aerodynamic characteristics with Mach number. 
Fuselage alone; a = 0°. Internal flow in model. Mass-flow rake off. 
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Figure 9*- Variation of aerodynamic characteristics with Mach number. 
Fuselage alone plus duct plugj a = no internal flow in modelj 
mass-flow rake off. 
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Figure 10.- Variation of aerodynamic characteristics with Mach munher. 
Complete mod.el| it = a = 0°5 internal flow in model; mass-flow 
rake both off and on. 
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Figure 11.- Effect of transition strip on aerodynamic chaxacteristics. 
Cort 5 )lete mod.elj i.j^ = 0°j a = 0°| internal flow in model; mass-flow 
rake off. 
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Figure 12.- Variation of aerodynamic characteristics with Mach number. 
Complete model plus duct plug; i^ = 0°; a = 0°; no internal flow in 
model; mass -flow rake off. 
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(c) Pitching-moment coefficient. 

Figure 15.- Concluded. 
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(b) Drag coefficient. 
Figure 1^4-.- Continued. 
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(c) Pitching-moment coefficient. 
Figure lit-.- Concluded. 
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(b ) Drag coefficient 
Figure I 5 .- Continued 
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(c) Pitching-moment coefficient. 
Figure 15 •- Concluded. 
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(b) Drag coefficient. 
Figure l6.- Continued. 
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(c) Pitching-moment coefficient 
Figure l6.- Concluded. 
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("b) Drag coefficient 
Figure 17-- Continued 
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O 8 -foot transonic tunnel 
□ 7- by 10-foot high-speed tunnel (ref.4) 


Complete model less horizontal tail 
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Complete model ; if = -5 


Complete model plus 45 speed 
brakes in location I ; i* =0 
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omplete model plus 45 speed 
brakes in location 2 ; i^ = 0° 


Mach number, Mq 


(a) C£ = 0. 

Figure l8e- Variation of lift-curve slope vith l^ch number for various 
configurations. Internal flow in model. 
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O 8-foot transonic tunnel 
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Complete model; 

it=o- 
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Complete model; i+=-5' 


omplete model plus 
brakes in location I ; ix = 0 


Complete nrtodel plus 45® speed 
brakes in location 2; i|=0® 


Mach number , Mq 


(b) Cl = 0.4. 
Figure l8.- Concluded. 
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0 8-foot transonic tunnel 
□ 7-by 10-foot high-speed tunnel (ref.4) 


Complete model less horizontal tail 


Complete model ; u==0 


Complete model; if=— 5° 


Complete model plus 45° speed 
brakes in location I ; i* = 0° 


Complete model plus 45° speed 
brakes in location 2 : u =0° 
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number, Mq 
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O 8 -foot transonic tunnel 
□ 7- by 10 -toot high-speed tunnel (ret .4) 


Complete model less horizontal tail 
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Complete model; i|=0 
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Complete model; 

it=- 

- 5 ° 


Complete model plus 45 speed 
brakes in location I ; if = 0° 


Complete model plus 45° speed 
brakes in location 2 ; i* = 0° 



Mach number, Mg 

(b) Cl = OA. 
Figure I 9 .- Concluded. 
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Complete model; i|=0® 

®.3 .4 .5 .6 .7 .8 .9 1.0 l.l 

Mach number, Mq 

(a) Internal flow in model. 

Figure 21.- Variation of drag coefficient with Mach number for various 

configurations, a = 0^. 
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O 8 -foot transonic tunnel 
□ 7- by iO-foot -high-speed tunnei (ref .4) 



Figure 22.- Variation of drag-rise factor with Mach number for various 
configurations. Internal flow in model. 
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O 8- foot transonic tunnel 
□ 7- by 10- foot high-speed tunnel (ref.4) 
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Mach number, Mq 


Figure 2 ^.~ Variation of effective downwash factor with Mach number. 
Complete model. Internal flow in model. 
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Figure 26.- Incremental effect of internal flow on aerodynamic 

characteristics, a = 0°. 
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(b) Complete model; = 0°. 
Figure 26.- Concluded. 
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